1. Background {#sec203339}
=============

Femoral neck fractures are typical and frequent injuries in the elderly. Because of osteoporosis-reduced bone density and increasing varus deformity, the femoral neck is predisposed to fractures, even after minimal trauma ([@A33335R1], [@A33335R2]). The incidence increases dramatically with age. In Germany, this injury occurs in 90/100,000 population ([@A33335R3]-[@A33335R5]). For those over 65, the incidence is 966/100,000 population, with figures varying based on the region of residence. For example, in Baden-Württemberg, the incidence, with 507/100,000, is significantly less than in Hamburg, with 1404/100,000 population. It is still under discussion whether this has to do with sun exposure and vitamin D production ([@A33335R6]). A five-fold increase in incidence is expected by 2050 ([@A33335R4]).

The cost of medical treatment amounts to approximately 20,000 € per fracture or 5.4 million € for all cases in Germany ([@A33335R6]). As was the case twenty years ago, these fractures lead to a significant reduction in life expectancy and often result in dramatic deterioration in social and health functioning of affected patients ([@A33335R7]). Many patients lose their independence and require external assistance, or even need full-time nursing care ([@A33335R8]).

The fractures are classified according to Stockle et al. and Garden. Pauwels evaluates the slope of the fracture line. This study involves Pauwels II and III and Garden 3 and 4 fractures only. According to the AO Classification, this involves fractures 31B2 and 31B3 ([@A33335R2], [@A33335R9], [@A33335R10]).

Pauwels types II and III as well as Garden types III and IV fractures are thus absolute indications for surgery. While these fractures can be treated with head-sparing procedures in patients under 65, the consensus is to implant an endoprosthesis in patients over 70, to avoid later femoral head necrosis ([@A33335R5]).

Hemiprosthesis, without acetabular replacement (bipolar prosthesis) has less blood loss and shorter operative time than total arthroplasty, and is preferred in elderly patients over 75 - 80 years ([Figures 1](#fig37473){ref-type="fig"} and [2](#fig37474){ref-type="fig"}). Although the ten year long-term results are worse than with total hip arthroplasty, they are preferred in older and diseased patients because loosening or other acetabular changes are no longer experienced. In addition, the dislocation rate is lower in bipolar prostheses, so that patients can be mobilized more quickly and without limitations ([@A33335R5]). These numbers have been confirmed also in the large Swedish, Finnish, and Norwegian prosthesis registries ([@A33335R11]-[@A33335R14]).

![Female, 77 Years Old Preoperative, X-Ray Hip, Pauwels III-Fracture](atr-05-03-33335-g001){#fig37473}

![Postoperative X-Ray With Hemiprosthesis](atr-05-03-33335-g002){#fig37474}

2. Objectives {#sec203340}
=============

The aim of the present study was to analyze one-year results after cemented hemiprosthesis placement, the first year after surgery.

3. Patients and Methods {#sec203341}
=======================

This study was a retrospective study. In cooperation with the largest German health insurance company, the Allgemeine Ortskranken Kasse (AOK), data were collected from all patients with displaced femoral neck fractures treated operatively with prostheses in our clinic from 2007 to 2012.

All patients over 70 years with Pauwels type II and III fractures receiving a hemiprosthesis were included. Only patients under 70 years of age were excluded.

The AOK provided all medical records of all patients diagnosed with femoral neck fracture for one year following injury, enabling 100% follow-up. The data were collected entirely by the AOK for our clinic. The AOK is responsible for compliance to privacy regulations and the consent to processing and publication of patient data.

In addition to mortality, registered information included all hospital re-admissions for complications or follow-up surgeries to the femoral neck fracture within the first year.

Due to the increased age of the patients with already limited life expectancies, follow-up longer than one year was not possible.

Three hundred and nineteen patients underwent surgery (our own operative video of the bipolar prosthesis ([@A33335R15])). All 319 patients were followed either until death or for one year postsurgery.

This was according to the information from the health insurance company, with 100% complete follow-up for one year regarding mortality and hospital readmission.

With this number of included patients, we were in the 97th percentile of all German hospitals.

In this study, Microsoft Excel and SPSS were used to calculate mean and standard deviation values. All patients' data were entered into Excel tables, and duplicates were eliminated through sorting by name and birth date.

The text was written with Microsoft Word. The ethics commission of the southwest hospital association approved the retrospective study.

4. Results {#sec203342}
==========

From a total of 319 patients, 78% (n = 249) were female and 22% (n = 70) males, with the mean age of 83.6 ± 8.7 (70 - 98) years. Twenty percent (n = 64) of the patients had the patient complication and comorbidity level (PCCLs) of 3 and 45% (n = 144) of 4 points; 17% (n = 54) suffered from heart failure, 23% (n = 70) from diabetes, and 19% (n = 61) from renal insufficiency ([Table 1](#tbl51401){ref-type="table"}).

###### Demographic Information of the Patients^[a](#fn54293){ref-type="table-fn"}^

  Patients           Age, y       Comorbidity       Diseases
  ------------------ ------------ ----------------- -----------------------------
  **N = 319;**       83.6 ± 8.7   64 (20) PCCL 3    70 (23) diabetes
  **M:F = 70:249**   70 - 98      144 (45) PCCL 4   61 (19) renal insufficiency
                                                    54 (17) heart failure

Abbreviations: f, female; m, male; PCCL, patient complication and comorbidity level.

^a^Values are expressed as No. (%).

Results of the current study showed that the average operative time skin-to-skin was 50 ± 6 minutes. Hematoma or seroma occurred in 45% (n = 144) of the patients. Also, 8% (n = 25) of the patients had pneumonia, pulmonary embolus in 1.5% (n = 5), and infection in 1.5% (n = 5). The prosthesis dislocated in 3% (n = 10) of the cases and 4% (n = 13) of the patients required ventilation for over 24 hours. Ninety-six percent of the patients were transferred to a regular care floor from the recovery room.

The average duration of admission was 14 days in 2007, and decreased to 12 days in 2012 due to optimization through introduction of discharge management.

At discharge, 73% (n = 232) of the patients could mobilize independently. Specifically, this means that patients, with or without a walker, were able to walk unassisted on the hospital floor as well as up and down at least one flight of stairs. Of the remaining patients, 2/3 had no longer been mobilizing independently prior to the fracture, either because they were bedridden in a nursing facility, or because they were confined to a wheelchair due to other causes or comorbidities.

Hospital mortality was 5% (16 patients) (national German average 8.1%), and at 30 and 90 days was 5% and 15%, respectively. Twenty-two percent of the patients (n = 70) died within one year (national German average 27%), with a natural death probability of 7.1% at 83.5 years ([@A33335R16]). The most frequent cause of death was cardiovascular disorder. After surgery, 14 patients were re-admitted for contralateral prosthesis placement (7 patients) or for periprosthetic fracture (7 patients). Prosthetic displacements were seen only during the first ten postoperative days (n = 10), but not thereafter during the course of the year ([Table 2](#tbl51402){ref-type="table"}).

###### Results^[a](#fn54294){ref-type="table-fn"}^

  Patients                Operative Time, min                    Complications        Mortality Rate
  ----------------------- -------------------------------------- -------------------- -----------------
  **N = 319**             50 ± 6                                 Hematoma (n = 144)   Hospital 16 (5)
  Pneumonia (n = 25)      30 days +0 (5)                                              
  Infection (n = 5)       90 days +31 (15)                                            
  Displacement (n = 10)   1-year +22 (22)                                             
                          Total: 69/319 patients within 1 year                        

^a^Values are expressed as No. (%).

Results showed that 54% of the patients were re-admitted to hospital within one year for another condition (national German average 54%).

5. Discussion {#sec203344}
=============

Hemiprosthesis is a good treatment for femoral neck fractures in geriatric patients. The procedure is performed quickly and safely.

The bipolar prosthesis has very good immediate results for patients aged 70 - 75 years ([@A33335R16], [@A33335R17]). The patients can be immediately mobilized postoperatively with full weight-bearing. Because of the size and mobility of the head, dislocations are rare. Because there is no need for cup preparation, operative times are markedly shorter than in total hip arthroplasty.

Follow-up for patients with hip prostheses is generally at least 5 to 10 years. In our patient population, the patients were very old and often with a significant comorbidity, so that the primary goal of treatment was rapid mobilization with full weight bearing and return to the pre-injury environment. Because of the limited life expectancy, follow-up was limited to one year postoperatively.

In the literature as well, for this reason there are no long-term follow-up studies of these geriatric patients.

Schleicher et al. reported this in a prospective study. Fifty-four patients with an average age of 80.5 years were treated with a total arthroplasty and 52 patients with an average age of 81 years with a bipolar prosthesis. Operative times, blood loss, units of blood replacement required, and hospital mortality were significantly less in patients receiving bipolar prostheses. At a follow-up examination after 8 years, however, the surviving patients who had undergone total arthroplasty were significantly better functionally than patients receiving the bipolar prosthesis ([@A33335R18]). The guidelines of the Association of the Scientific Medical Societies in Germany (AWMF) come to similar results and recommendations ([@A33335R5]).

Despite safer operative techniques, there are frequent complications in the very elderly and infirm patients. Muller et al. investigated data from 204 patients after bipolar implants with an average age of 82 years. Postoperatively, 15% had relevant surgical complications requiring revision (5% infections, 5% hematomas, and 3.4% dislocation). Cardiovascular, renal, and neurologic complications occurred in 43% of the patients. In a follow-up examination after an average of 28 months, 48 patients had died ([@A33335R19]). The optimal delay to operation remains under intense debate. Early operation allows more rapid mobilization from bed. However, emergency staffing on weekends and overnight may prevent this. The most experienced surgeon is not always present. Schliemann et al. investigated these factors in a retrospective study of 360 bipolar prostheses. They compared the outcomes after surgery which was performed by a "senior surgeon" versus that performed by a "junior surgeon." The authors found that the skin-to-skin operative time for experienced surgeons, with 61 minutes, was significantly shorter than that for less-experienced surgeons, with 77 minutes. This difference was highly statistically significant (P \< 0.001). Revision surgery was necessary in 25 cases. More complications were observed in the group treated by the junior surgeons, with 9.6% (versus 6.3% in those treated by senior surgeons). However, this difference was not statistically significant. Operations performed at night did not result in more complications than those performed during the day ([@A33335R20]). For all operations in our clinic, a senior surgeon was present as first assistant to offer experienced help to the younger surgeon and limit operative time as well as complications.

In our clinic, we treat many patients with femoral neck fractures and proximal femur fractures. As a center for trauma of the elderly, this is a focus of our clinic. Thus, with this number of included AOK patients, we were in the 97th percentile of all German hospitals. This explains also the shorter average operative time of 50 minutes. All patients are operated in the first possible daily schedule time slot. Perhaps this is also the reason for slightly lower hospital mortality rate of 5%, compared to the national German average of 8%. We believe that surgery performed at the earliest possible time as well as structured hospital protocols decrease mortality. As long as patients are waiting for surgery, they are confined to the bed because they cannot stand on the fractured leg. Each day's delay to surgery leads to frequent complications such as pressure ulcers, pneumonias, and cardiovascular disorders and therefore deteriorations of health and increased risks. Unfortunately, statistical analysis of mortality according to age, gender, and comorbidity was not performed.

In an investigation of all patients undergoing surgery in our clinic for proximal femur fractures between 2007 and 2012, mortality for patients operated within 24 hours was just 4.1% and increased to 7.2% when surgery was performed after 24 - 48 hours. For this reason, we made efforts in the past few years to establish and structure care protocols. Treatment pathways were introduced to delineate the course of patient care from the Emergency and Radiology departments through surgery, discharge management and back to home. Anesthesiologists and geriatricians were consulted for measures to expedite patient surgical-readiness. Supplementary cardiologic consultations could be almost completely foregone.

Smektala et al. ([@A33335R7]) published data from a Germany-wide survey of the years 2004 - 2006. 129,075 patients with femoral neck fractures were evaluated. Of these, 22,171 patients were operated after 48 hours. In the group operated later than 48 hours postinjury, there were significantly more frequent surgical complications \[odds ratio OR 1.1 (95% CI 1.03 - 1.18)\], general complications \[OR 1.09 (95% CI 1.04 - 1.14)\], and decubital ulcers \[OR 1.27 (95% CI 1.15 - 1.40)\]. However, the hospital mortality did not change significantly (5.0% versus 6.2% for all patients, 6.2% versus 6.5% after statistical matching) compared to patients operated earlier \[OR 0.96 (95% CI 0.89 - 1.04)\]. No distinction was made among operations performed within the first 24 hours ([@A33335R7]).

Thus, does it make sense to introduce specialty centers or minimum quantitative limits for treatment of femoral neck fractures. Schrader et al. investigated this question. Using the incidence, they developed a model calculation on the effects of the national coverage with prostheses in fractures and coxarthrosis. Seventeen percent of all German hospitals (n = 216) implant a maximum of 20 prostheses annually. This corresponds to 2214 patients and thus 1.4% of all cases. In 38% of all German hospitals, a maximum of 50 prostheses are implanted. This corresponds to 11,476 patients, or 7.4% of all cases ([@A33335R21]). This means that most patients (81.2%) are already treated in hospitals performing more than 50 prosthesis implantation surgeries per year.

There are few figures regarding the long-term course of these sick and elderly patients with femoral neck fractures. The thorough data collection of the AOK makes this possible for the first time. Although the AOK data allow no conclusions regarding concomitant illnesses such as dementia, delirium, depression, etc., because this information was not simultaneously collected, conclusions regarding mortality can be made. Thus, the high one-year mortality rate remains alarming.

Within our own patient collective of AOK patients, 22% of the patients died within one year. Even comparing this with mortality tables of comparably old patients with an average age of 83.5 years, there is a natural mortality rate of 7.1% ([@A33335R1]). Thus, there is an almost three-fold higher risk of dying within the first year after a femoral neck fracture than there is without the injury. The goal of treatment must be the reintegration of geriatric patients to their previous environment, whenever possible.

In 2010, Schneppendahl et al. investigated 530 patients undergoing bipolar hemiprosthesis placement from the years 1989 - 2003, with an average age of 81 years; 145 of 175 surviving patients were followed up after an average 91 months and 355 patients had already died by this time. In 78% of the cases, the investigated patients had reached their preoperative mobility status, although 68% of the patients required previously unnecessary assistance devices and 32% required advanced nursing care. Sixty-eight percent of the patients were, however, able to return to their preoperative surroundings ([@A33335R22]).

In our patient group, 73% were able to mobilize independently, with assisting devices when necessary. Of the 27% who could not mobilize independently, however, 75% had been previously non-mobile prior to the injury.

Other authors have reported similarly good results after total hip replacement compared to hemiprosthesis in the elderly. Blomfeld et al. reported such results after a randomized comparison study of 120 patients with mean age of 81 years (70 to 90) and acute displaced intracapsular fractures of the femoral neck. They were randomly assigned for treatment with either bipolar hemiarthroplasty or total hip replacement. Outcome measurements included peri-operative data, general and hip-specific complications, hip function, and health-related quality of life. The patients were re-evaluated at four and 12 months. The duration of surgery was longer in the total hip replacement group (102 minutes (70 to 151)) versus 78 minutes (43 to 131) (P \< 0.001), and the intra-operative blood loss was increased 460 mL (100 to 1100) versus 320 mL (50 to 850) (P \< 0.001), but rates of complications or mortality did not differ between the groups. There were no dislocations in either group. Hip function measured by the Harris hip score was significantly better in the total hip replacement group at 4 and 12 months after surgery (P = 0.011 and P \< 0.001, respectively) ([@A33335R23]). Other authors have reported similar results ([@A33335R24], [@A33335R25]).

With our somewhat older patients, we followed the strategy of minimizing operative risks and therefore, selected the shorter operative times and minimized blood loss, with a displacement rate of 0% in our own patient group.

One weakness of this study was the lack of comparison with a patient group undergoing total hip replacement, as well as the lack of functional follow-up and characterization, for example Harris hip scores. In addition, the follow-up time of one year is very short for an endoprosthesis investigation, although this choice was in consideration of the limited life expectancy of these very elderly patients.

In view of the high incidence and the demographic development in the past few years, we have concentrated on these fractures.

5.1. Conclusions {#sec203343}
----------------

Hemiprosthesis placement for displaced femoral neck fractures is a common and safe procedure. The goal of treatment is a quick operation and rapid mobilization. The cemented hemiprosthesis is implanted with a short operative time and allows immediate, full loading with a minimal dislocation rate. Despite recent decreases in hospital mortality, the risk of death remains more than twice as high within one year than that for uninjured patients of the same age.
